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ABSTRACT 



An advantageous method for fabricating an optical 
attenuator between the ends of two optical fibers uses 
the following steps. The axes of the cores of optical 
fiber ends are misaligned by an offset distance and then 
one of them is moved along its center axis until the ends 
of the fibers abut one another. Abutted ends of the 
optical fibers are melted. While the fiber ends are mol- 
ten, surface tension aligns the axes of the cores of the 
optical fibers. Finally the abutted ends region of the 
optical fibers is cooled into a lumped optical attenuator. 



7 Claims, 6 Drawing Figures 
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FIG. 5 is a sectional view along the center line of the 

M ETHO D OF FABRICATING AN OPTICAL ends of a pair of optical fibers spliced together, forming 

ATTENUATOR BY FUSION SPLICING OF an optical attenuator, and 

OPTICAL FIBERS FIG. 6 is a sectional view along the center line of the 

5 ends of another pair of optical fibers spliced together 

BACKGROUND OF THE INVENTION forming another optical attenuator. 

This invention relates to a method for fabricating an DETAILED DESCRIPTION 

dunng fusion to a.^theprevious.v encores of the '° T^StS^S^TSS& 
V"* . . . . . transmission line. An optical fiber 11 has an end posi- 

In an undersea lightwave : transmission system, it is ^ nexttoanend 0 f another optical fiber 12. FoVthe 
desired to have the same optical loss in aH fibers of the purposcs of me descript ion, the fibers 11 and 12 are 
cable between each pair of renters. Because there l5 considered to be single mode optical fibers. Tne outside 
likely is a different loss in each different fiber, an optical diame ter G f the cladding of the fibers is approximately 
attenuator is inserted in line with the fiber as a lumped 125 fim. A core section of each fiber has a diameter of 
buildout loss in the low loss ones of the fibers. approximately 8-10 jim. 

In the prior art, optical attenuators are provided as The adjacent ends of the optical fibers 11 and 12 can 
separate piece parts which are inserted between the 20 couple light from one of the optical fibers to the other 
ends of two optical fibers by means of mechanical cou- forming a continuous optical transmission line between 
pling devices. Inserting such an optical attenuator into a a terminal and a repeater or between two repeaters, not 
system adds not only the attenuator itself but also the shown, but connected with the other ends of the two 
mechanical coupling devices. It is well known that optical fibers 11 and 12. 

system reliability is reduced by any increase in the num- 25 Along the optical fibers, distributed optical loss is 
ber of separate components, or devices, used in the imposed on any optical signal being transmitted 
system. Thus the insertion of the optical attenuator plus through the fibers. By design choice, the distributed 
the coupling devices not only increases optical loss but optical loss imposed by the optical fibers 11 and 12 is 
also reduces system reliability. less than a predetermined desired value of optical loss 

For an undersea optical fiber transmission system 30 between the terminal and repeater or between the two 
requiring very high reliability, it is desirable to insert an repeaters. 

optical attenuator between the ends of two optical fi- A* 1 advantageous method for imposing additional 
bers by using the lowest possible number of separate lumped optical loss into the fiber transmission line is 
parts to retain high reliability while increasing optical described hereinafter. The additional lumped optical 
loss. Thus there is a problem finding a way to insert an 33 Ioss wiJ1 difference between the predeter- 

optical attenuator between the ends of two optical fi- min . ed desired valuc of optical loss and the distributed 
bers without reducing reliability. optical loss imposed by the fibers. For the method of 

imposing the additional lumped optical loss, as de- 
SUMMARY OF THE INVENTION scribed herein, it is not necessary to transmit any optical 

This problem is solved by employing an advanta- 40 ^ thrc ? u * flb <P t fo / monitoring, 
geous method for fabricating an optical attenuator be- r T ° c ? nd ? ( *f fl ^f l { * conrtroned by a 

tween the ends of two optical fibers using the following clamping device 16 while the end of the optical 

steps. The axes of the cores of optical fiber ends are ^ U * ^ by a ^ovabte clamping device 17. A 
misaligned by an offset distance and then one of them is „ ^manipulator arrangement with three degrees of 
moved along its center axis until the ends of the fibers 45 ^^1^'?? ST** <*?^ n ^* ?• 
abut one another. The abutted ends of the optical fibers ^ th ff de f !* ° f free ?° m |F* hawi1 ,U !^ at ' vely 
are melted. While the fiber ends are molten, surface 35 ^**^J*™" » which are positioned on 
tension partially or wholly aligns the axes of the cores n T^*« Pedicular axes. 

of the optical fibers. Finally thVabutted ends regi^Tf < n . T ,° """J to 1 ^S* *? f flb !P ™ P "i 

f . # .r. . j" " , ^ "tt ,* 1UU U1 50 in place and are held down in the clamping devices 16 _ 

the optical fibers is cooled into a lumped ontical attenu* j , A wvlwa 7 - 

ator r "uiipcu upu«u aiicnu and 17 by a vacuum. A vacuum line 19 evacuates air 

from the bottoms of V-grooves in the clamping devices 

BRIEF DESCRIPTION OF THE DRAWINGS 16 md 11 - While viewing the end regions of the fibers 

a hoft a , m „,j^ # ~ #fc . , through a microscope 20, the micromanipulator is ad- 

JLX. ff?^° T * 55 ^ mta of ** co '<* <>f the fibers are in line 

gamed from the following defied description when it with each other. Correct axial alignment of t he cores of 

is rod with reference i to ^the drawings wherein: the fibers is^tern^dlT nlv hv m i g£ mpM , jn^n " 

FIG. 1 is a schematic diagram of apparatus and opti- Two mutually perpendicul ar microscopic viewVofthe 

cal fibers set up for initiating the disclosed method; ends of the nt erTare used. S ^h mutually perpendicular 

FIG .2 is a sectional view along the center line of the 60 views are facilitated by positioning a mirror surface 

ends ofa pair of optical fibers set up for initiating the below the ends of the fibenr* to reflect light back to the 

disclosed method; microscope. As previously mentioned, no optical signal 

FIG. 3 is a sectional view along the center line of the needs to be transmitted through the fibers to help align 

ends ofa pair of optical fibers having the center lines of the cores. 

their cores offset from one another during the perfor- 65 FIG. 2 shows the ends of the fibers 11 and 12 posi- 

mance of the disclosed method; tioned adjacent to each other with the center lines of 

FIG. 4 is a schematic diagram of apparatus and opti- their cores aligned axially. Once the axes of the cores 

cal fibers for performing the disclosed method; are so aligned, the center line of the core of the end of 
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the optical fiber 12 is moved transversally. This trans- The magnitude of the optical loss in the resulting 
versal movement of the end of the optical fiber 12 is optical attenuator depends more or less directly with 
accomplished by manually moving the micromanipula- the magnitude of the transverse offset distance d and 
tor in one of its degrees of freedom while holding the indirectly with the dwell time t Thus in general increas- 
other two degrees of freedom in place. 5 ing the transverse offset distance d before the heating 

Referring now to FIG. 3, the center line of the core step increases the optical loss in the resulting attenuator, 
of the fiber 12 is held parallel with but is offset by a Also a. short dwell time t produces a high optical loss 
distance d from the center line of the core of the fiber while a longer dwell time t decreases the optical loss in 
11. Useful offset distances d fall in a range between 5 the resulting attenuator. 

fun and 60 /im. For single mode fibers having a clad- 10 The configuration and offset of the cores of the fibers 
ding diameter of 125 pm and a core diameter of 9 uon, in the resulting attenuator determine the magnitude of 
the range of offset distances d is between one-half of the the optical loss. 

diameter of the core and one-half of the diameter of the Referring now to FIG. 5 f there is shown a cutaway 
c l ad ding of the fibers. A preferred offset distance d view through the fusion region of one configuration of 
equals approximately 50 fim or two-fifths of the diame- 15 the resulting attenuator. This view discloses that during 
ter of the cladding of the fibers. FIG. 3 shows the abut- fusion, the ends of the fibers 11 and 12, having their 
ting regions of the ends of the fibers 11 and 12 when the center axes offset by the distance d just prior to fusion, 
axes of the cores are parallel with one another, but are pulled closer into alignment during fusion. Surface 
separated by the offset distance d. tension, occurring in the fusion region while the fiber 

Referring now to FIG. 4, there is shown the ends of 20 ends are molten, exerts forces that tend to align the 
the fibers 11 and 12 positioned with their core axes surfaces of the fibers and that also tend to align the 
parallel to each other and offset by the distance d. With . center axes of the cores. As a result of the pressing 
the fiber ends so positioned, a computerized control together of the fiber ends and a result of the surface 
arrangement moves the end of the fiber 12 along its tension, there is some reshaping of the ends of the cores, 
center line a predetermined stroke length 1 in a range of 25 In general, however, the offset distance between center 
2 jim to 100 /im. The computerized control arrange- axes of the cores of the fibers 11 and 12 is reduced from 
ment includes a motorized carriage 25 which receives the initial offset distance d to a final offset distance d\ A 
control signals from a computer source by way of con- resulting attenuator having a configuration and offset of 
trol leads 27. A program in the computer instructs the the cores as shown in FIG. 5 has a relatively high opti- 
carriage motor to move the carriage 25 through the 30 cal loss. 

predetermined stroke length I along the center line of Turning next to FIG. 6, there is shown a cutaway 
the core of the fiber 12. For the previously mentioned view along the axes of the fibers 11 and 12 after they are 
single mode fibers, a stroke length of approximately 4 fused under different conditions. This view is of an 
/i.m is preferred. attenuator fabricated from starting conditions similar to 

As shown in FIG. 4, a flame 21 from a chlorine man- 35 those used when initiating the process of fabricating the 
ded oxyhydrogen torch 22 heats the end regions of the attenuator of FIG. 5. In the process of fabricating the 
fibers 11 and 12 until they melt and fuse together. J. T. attenuator of FIG. 6, however, the dwell time t is 
Krause et aJ disclose a suitable procedure in a U.S. longer than the dwell time t used for the attenuator of 
patent application, Ser. No. 300,108, filed Sept 8, 1981, FIG. 5. 

now abandoned. Preferably approximately 0.35 liters/- 40 In FIG. 6 it is noted that both the surfaces of the 
minute hydrogen gas is delivered to the torch for burn- cladding of the fibers 11 and 12 and the center axes of 
ing. A surrounding mantle of chlorine gas is provided their cores are nearly aligned, i.e„ the final offset dis- 
by a flow rate of approximately 0.05 liters/minute. tance d' is reduced to or is reduced near to zero. The 
Heating of the fibers is accomplished at the edge of the ends of the cores of the fibers are reshaped much more 
visible flame. 45 than the ends of the cores in FIG. 5. A longer dwell 

The previously mentioned computerized control ar- time t allows the surface tension of the molten fibers to 
rangement also controls the position of the flame 21. pull the center axes of the cores closer into alignment 
Thus the torch 22 is moved so that the edge of the flame and to bend the ends of the cores. The more those cores 
21 impinges on the region of the fiber ends to initiate near alignment with each other and the more the ends 
heating. The heating is continued for a predetermined 50 of the cores bend, the more the optical loss of the result- 
period until fusion is complete. This period is referred ing attenuator decreases. 

to hereinafter as a dwell time t At the end of the dwell Some stroke length 1 is selected so that the resulting 
time, the flame is moved away from the fibers. Excel- attenuator is sufficiently strong. Although the stroke 
lent optical attenuators are produced using a dwell time length 1 has little effect on the optical loss, it does effect 
t selected from a range of 10 seconds to 30 seconds. A 55 the tensile strength of the resulting attenuator. Shorter 
high tensile strength will occur in the resulting optical stroke lengths in a range of 2 ^im to 10 ptm consistently 
attenuator when a dwell time of approximately 15 sec- produce attenuators having a tensile strength equal to 
onds is used. or greater than 300K psi. For many applications a 

There are some important parameters relating to the stroke length I equal to 4 urn is preferable, 
physical characteristics of the resulting fusion splice. 60 Initial offset distance d greatly influences the\nagni- 
Those parameters include the magnitude of the optical tude of the optical loss in the resulting attenuaiir. Al- 
loss in the attenuator, the standard deviation of the though useful attenuators can be fabricated with an 
magnitude of the optical losses measured in a group of initial offset distance d in a range from 5 /im to 60 /xm, 
similarly made attenuators, and the tensile strength of it is apparent that using an initial offset distance from 
the resulting attenuators. Such parameters are control- 65 the high end of the range produces advantageous mag- 
lable through changes of one or more of the controlling nitudes of loss in the resulting attenuators, 
parameters, including the offset distance d, the stroke Standard deviation of the magnitude of loss is kept 
length 1 and the dwell time t desirably low for high loss attenuators by using an offset 
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distance d equal to 50 pm, a stroke length 1 equal to 4 
pm and a dwell time t equal to IS seconds. Lower loss 
attenuators are fabricated using the same offset distance 
d and- the same stroke length 1 but a longer dwell time, 
such as 30 seconds. 

Following the heating and aligning of the cores of the 
fibers, the torch 22 is moved so that the flame 21 no 
longer impinges on the fusion region, as previously 
mentioned. Thus ends the dwell time t. Thereafter the 
fusion region cools into the resulting lumped optical 
attenuator. 

Although it is an object to achieve reproducible loss 
in attenuators, it is noted again that no optical signal is 
transmitted through the fibers 11 and 12 for monitoring 
loss while the attenuator is being fabricated. The de- 
scribed method uses a statistical data base that shows 
results are acceptably reproducible. Even without mon- 
itoring the loss during fabrication, the magnitude of the 
resulting loss, the standard deviation of die magnitude 
of loss among a group of attenuators, and the tensile 
strength of the resulting attenuator are all well con- 
trolled. It is clear, however, that the value of loss also 
can be controlled by actively monitoring loss during the 
melting step. 

The foregoing describes a method for fabricating an 
optical attenuator. The method described together with 
other similar methods made obvious in view thereof are 
considered to be within the scope of the invention. 

What is claimed is: 

1. A method for fabricating an optical attenuator 
comprising the steps of: 
offsetting the axes of the cores of a pair of optical 

fiber ends by an offset distance d in a range of twice 

the diameter of the core to one-half of the diameter 

of the cladding of the optical fibers; 
moving one of the offset optical fiber ends along its 

center axis until they abut one another; 
melting the abutted offset ends of the optical fibers 

into a splice; 



aligning the axes of the cores of the melted abutted 
ends of the optical fibers by way of surface tension; 
and 

cooling the abutted ends of the optical fibers into a 
5 lumped optical attenuator. 

2. A method for fabricating an optical attenuator, in 
accordance with claim 1, wherein ' 

after abutting during the optical fiber end moving 
step, one fiber end is moved through a stroke 
10 length 1 within a range of 2 /im to 10 jim. 

3. A method for fabricating an optical attenuator, in 
accordance with claim 1, wherein 

during the axes offsetting step, the axes of the cores 
are separated by an offset distance d equal to ap- 
is, proximately two-fifths of the outside diameter of 
the cladding of the optical fiber ends. 

4. A method for fabricating an optical attenuator, in 
accordance with claim 2, wherein 

after abutting during the optical fiber end moving 
20 step, one fiber end is moved through a stroke 
length 1 of approximately 4 jun. 

5. A method for fabricating an optical attenuator, in 
accordance with claim 1, wherein 

the melting of the abutted ends and the aligning of the 
25 cores of the axes occur during a dwell time t in a 
range of 10 seconds to 30 seconds. 

6. The method for fabricating an optical attenuator, in 
accordance with claim 5, wherein 

after abutting during the optical fiber end moving 
30 step, one fiber end is moved through a stroke 
length 1 within a range of 2 /un to 10 um 

7. The method for fabricating an optical attenuator, in 
accordance with claim 5 wherein 

during the axes offsetting step, the axes of the cores 
35 are separated by an offset distance d equal to ap- 
proximately two-fifths of the outside diameter of 
the cladding of the optical fiber ends; and 
after abutting during the optical fiber end moving 
step, one fiber end is moved through a stroke 
40 length 1 of approximately 4 pro, 
• * * * * 
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